q¤ okselD gigdem nd hvidD uus wgno nd hogruD ehmet yzgur @PHIVA 9invironmentl monitoring of sptioEtemporl hnges in xorthern sstnul using remote sensing nd qsF9D snterntionl journl of environment nd geoinformtisFD S @IAF ppF WREIHQF Further information on publisher's website: 
Introduction
Change is an inevitable aspect of the millennial dynamic and ever growing cities. One of the primary issues mentioned and recognized in global environmental approaches is land use/land cover (LU/LC) changes. Nevertheless, these changes can be considered in relation with all aspects at once including the political, socio economic and climatic conditions and factors of the area in research. Many researchers from various disciplines have been exploring the extension and the over-population of the cities along with LU/LC depending on the growth and the urban sprawl.
The transformation of forests and green areas to urban development areas have severely altered not only the quantity but also the quality of the land leading to inevitable problems of soil erosion and deforestation as an unquestionable consequence of LU/LC (Wu, J. 2008) . Another noticeable factor that activates LU/LC alterations is the remarkable expansion overseen in urban areas and the direct or indirect population growth. The demand for LU/LC such as built up areas and roads increase according to the increase in the population in a specific area. Therefore, research on how the land is transformed by urbanization and especially land conversion of peri-urban environments has been identified as a pivotal area of future land change research to avoid certain negativities which may affect not only the environment but also its inhabitants.
The actuality, efficiency and certainty of the LU/LC data and information are crucial for a better understanding and evaluation of the consequences of the above-mentioned changes. Through the past decade, remote sensing techniques have been developed, which now have a proven record of accuracy in LU/LC maps and monitoring in a given time period (Zhu, Z. and Woodcock, C. 2014; Ibrahim, M., 2014; Rahman, M. 2016) . Moreover, the brief DOI: 10.30897/ijegeo. and quick developments in remote sensing technologies have led the LU/LC researches to be more effective in terms of tools and data along with being actual and effective in spotting the changes. This is why the Landsat Images are the main sources of data in considering and understanding deforestation and urban growth patterns of the cities (Coppin P. and Bauer, M., 1996; Woodcock, C., 2001) .
Spreading the issue to a more anthropogenic perspective, one can say that the transformations and impacts in the natural environment are caused by human activities. A more deepened perspective of anthropology in relation to the ecosystems affected in the urban areas has a profound relationship with LU/LC. Therefore, the above-mentioned aspects of the measured changes are crucially important and valuable because of the spatial characteristics of LU/LC since the human activity cannot be considered apart from the urban developments. Thus, detecting and mapping LU/LC change with an approach based especially on human activities using remote sensing and Geographical Information System (GIS) technologies aid in obtaining a clear understanding of the LU/LC alteration processes due to land use change and their consequences. The present study is focusing on the megacity Istanbul, which is covering both sides of the Bosporus and bridging Europe and Asia continents. Istanbul is a mega city with both natural and historical texture at a strategic geographic location. Historical, cultural and natural beings in Istanbul are subject to the Law of Conservation and have been registered as 'Cultural Heritage' or declared as "Protected Area". In addition, the Bosphorus area is protected with the provisions of a special law. However, even though the municipalities in Turkey are known to have great powers, central government institutions (The Ministry of Environment and Urban Development, The Ministry of Forestry and Water Affairs, The Ministry of Transport) are effective in projecting and constructing major projects. The study examines the land use/cover changes in Istanbul basically arising from such projects.
Two of the main reasons of the land becoming a scarce resource are the agricultural and demographic pressure that requires extraction of information on LU/LC and the possibilities for an optimization while meeting the increasing demand for the human needs. Another point to make is the dynamic nature of LU/LC and the inevitable effect of the anthropogenic factors' altering power on the issue discussed. To be more specific, LU/LC in the Northern parts of Istanbul's metropolitan area is constantly changing over space and time as a result of the rapid growth of the city based on various economic and industrialization efforts (Doğru et all., 2006; Göksel et all., 2006; Şeker et all., 2016) . Moreover, the mega construction projects including the third bridge, the sub-sea tunnels and a third airport are all traits of the increasing demand and growth of the city. Even though these aspects are contributing to the social attributes of daily life -and could also be considered as improvements for citizens -their impacts on the nature and the ecosystems are left inevitable and permanent which makes the monitoring of changes profoundly important and needed for effective decisions and to build a balance between the positive sides of the development and the negative effects on the environmental resources caused for an increase in the socioeconomic welfare.
The main objective of this study is to quantify the land use and land cover change trajectories with the multi-temporal Landsat imagery in the northern part of Istanbul Metropolitan area. The study evaluated the landscape transformation at the coastal line and the effect of the third Bosphorus Bridge (Yavuz Sultan Selim Bridge) on the natural ecosystem in two specific districts; Beykoz and Sarıyer over a seven years period using GIS and remote sensing technologies.
Materials and Methods

Study Area, Data and Methodology
Istanbul is a megacity with over 15 million inhabitants and the dominant center of manufacturing, services, education and culture which produces 40% of whole Turkey's industrial activities. Istanbul consists of 41 districts all belonging to Istanbul Metropolitan Municipality. Beykoz and Sarıyer Districts have been selected as the study area in this research, covering an area of approximately 55258 ha (Figure 1 ). The Beykoz and Sarıyer Districts are located at the northern section of Asian and European sides of Istanbul respectively, which is the entrance of the Bosphorus (the Strait of Istanbul) from the Black Sea on both sides. The two districts have been affected by a mega 3 rd Bridge transportation project, as it is located in a very precarious ecosystem in the Istanbul's northern region consisting of forests, green areas, basins, agricultural land and wetlands which are has biosphere reserve potential (Gazioğlu, et al., 1997; Simav et al., 2015) . Among the areas facing ecological disintegration are municapalities where risk levels must be urgently taken into account (Burak et al., 2004; Gazioğlu et al., 2016) . Landsat data covering study area were obtained from USGS Earth Resources Observation Systems data center (https://www.usgs.gov). In the study, 1:25000 scaled standard topographic maps and 1:5000 scaled ortho-photo maps and google earth imageries have been used as the ancillary data.
Two main steps were involved in this research, which are the classification of the satellite data for LU/LC and the change detection analysis in the LU/LC types. Image registration, orthorectification, classification, and change detection using post-classification comparison were involved in the satellite data analysis.
The reported study has been carried out using Erdas Imagine 2014 and Arcmap 10.x software. The detailed methodology adopted in the study is given in Figure 2. 
Geometric Correction
An accurate registration of multispectral remote sensing data is essential for analyzing land use and land cover conditions of a particular geographic location. The geometric correction error between two images is expressed in terms of total root mean square error (RMSE), which represents a measure of deviation of corrected ground control point (GCP) coordinate values from the original reference GCPs used to develop the correction model (Balik Sanli et all. 2008) . Change detection analysis is performed on a pixel-by-pixel basis; therefore, any misregistration greater than one pixel will provide an anomalous result of that pixel. To overcome this problem, several authors recommend that the root mean-square error (RMSE) between any two dates should not exceed 0.5 pixels (Kardoulas, N. et all 1996; Gong, P. and Xu, B. 2003; Jensen, J. 2004) In this study, Landsat images were georeferenced to the Universal Transverse Mercator projection system (UTM) using 1:25 000 scaled standard topographic maps. For the rectification process, 22 GCP (Ground Control Points) distributed homogeneously over the images were used. In terms of image rectification, a nearest neighbor resampling algorithm was used. The total RMSE for 2009 and 2016 images were 0.34 and 0.32 pixels, respectively. 
Image Classification
Image classification is usually performed by per pixel labeling of raster data, in many instances the desired result of image classification is a vector-based map of polygons (Lunetta R., et all. 2006) . In this study, maximum likelihood classification (MLC) was used to derive LU/LC categories of selected study area. In the supervised classification technique, the maximum likelihood algorithm classifies the image based on the training sets (signatures) provided by the user on the basis of their own knowledge or experiences. In this method, the pixel is assigned to the class to which the probability of the pixel belonging is the highest (Weber, R. and Dunno, G.2005) .
2.3.
Accuracy assessment of image classification Accuracy Assessment of classified images was carried out to determine the quality of information derived from the data. This is essential as the user of LU/LC maps has the need to know how accurate the maps are in order to use the data more correctly and efficiently (Jensen, J. 2004) . Error matrices as cross-tabulations of the mapped class vs. the reference class were used to assess classification accuracy (Smits, P. et all. 1999; Congalton, R. and Green, K. 1999) . For the accuracy assessment of land cover maps extracted from satellite images, stratified random method was used to represent different land cover classes of the area. The accuracy assessment was carried out using 300 points that were selected randomly and analyzed based on ground truth data and visual interpretation.
Land use/cover change detection
Post-classification comparison change detection algorithm was employed by the study to determine changes in land cover in a seven years span. Two classified image pairs were compared using cross-tabulation in order to determine qualitative and quantitative aspects of the changes for the periods from 2009 to 2016. Thus, a change matrix was produced from the two class maps, containing different combinations of ''from-to'' change information. Landscape transformations that have occurred i.e. the gains and losses in each category between 2009 and 2016 were then compiled and mapped. This information will reveal both the desirable and undesirable changes and classes that are "relatively" stable overtime.
Results
The overall accuracy, along with the user and producer's accuracies, and the kappa statistic for each class were derived from the error matrix. The achieved overall classification and Kappa coefficient are presented in Table 1 . To have a further understanding of land encroachment for different land categories during the seven years period, matrices of land cover changes from 2009 to 2016 (Table 3) was prepared. In the table, unchanged pixels are located along the major diagonal of the matrix. When the direction of the change has been evaluated, out of 26504.9 ha that was forest in 2009, 22368.7 ha was still forest in 2016 but 2030.4 ha was converted to green areas, 820 ha was converted to agricultural land, 512.8 ha was converted to bare land and 227.9 ha became destroyed areas in 2016. Additionally, at the same time the increase of agriculture, from 2009 to 2016, was mainly from forest area and green areas. The agricultural land gained 1308.8 ha from green areas and 820 ha was obtained from forest areas as mentioned before. The class that destroyed area mainly replaced in 2016 was forest, followed by green areas and agricultural land. The destroyed area replaced around 227.9 ha of forest area and it took equal portion of land from the green areas and the agricultural land, 45.4 ha from each class. The results show that the most important land cover types in the northern areas were affected by the construction of the third bridge and so as a large portion of the forests in comparison to other classes. Figure 4 can show the exact changes in the land cover types and can be much more appreciated.
The third bridge construction along the Bosphorus was referred to as (destroyed areas class) in the study and the most important conversion in the Beykoz and Sarıyer areas. It can also be seen in the Figure 4 that the major area of forest was converted to the transportation ring along the Bosphorus on the European and Asian side of Istanbul city. The dark brown colour in Figure 5 along the Bosphorus trait represent the forest area turned into the "destroyed area class" which represent the ring of the Yavuz Sultan Selim Bridge.
This study elucidates the significance of incorporating Remote Sensing and GIS for change detection study of land cover/land use of an area as it offers essential information about the spatial distribution as well as nature of landscape transformation. It is obvious that Bosphorus bridges linking Asia and Europe serve a high portion of urban traffic with a high capacity due to increasing population and intercontinental traffic. In this sense, the Third Bosphorus Bridge will contribute to reducing this density with 8 lane roads and 2 high-speed railway lines. Beykoz and Sarıyer, the study areas, are the most populated areas of forest and shrubbery in Istanbul. Based on the previous experiences on first and second bridge construction projects in Istanbul, it is known that such projects promoted the urban growth around the project sites and large amount of agricultural and forest lands were damaged. The study introduced that the change arisen from the construction of the 3 rd Bridge and its service roads is not large enough, for both districts, rent-focused unplanned urbanization episodes are considered as a potential danger. Decisions and sanctions for protection to be taken by local governments, as well as government agencies' decisionmaking mechanisms, will contribute to further deterioration and protection of the natural areas and land of the region.
Discussion and Conclusion
These results have highlighted the increasing rate of modification of forest ecosystem by anthropogenic activities and the need to apprehend the situation to ensure sustainable environmental management. The quantification of LU/LC changes of Beykoz and Sarıyer area is very useful for environmental management groups, policy makers and for public to better understand the impacts the developmental activities have on the green areas and forested land in the area and the surrounding. The general LU/LC changes trends determined in this study, and the variable outputs associated with these LU/LC, can be used as input by decision makers during the planning phase of the similar mega projects.
